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(54) Non-asbestos friction material 

(57) A non-asbestos friction material is obtained by 
molding and curing a composition which includes a fi- 
brous base other than asbestos, a binder and a filler 
wherein the fibrous base contains no inorganic fibers 
having a length of at least 5 urn, a diameter of up to 3 
ixm and an aspect ratio greater than 3, and the binder 
includes a resin having a flow of at most 27 mm at 



125°C. The friction materials having a porosity of 8 to 
20% exhibit a good braking performance and stability, 
are endowed with good resistance to fade and wear, 
provide enhanced safety and hygiene during produc- 
tion, and have minimal impact on the human body from 
dust generated during use. 
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Description 

[0001] The present invention relates to non-asbestos friction materials which are well suited for use as brake pads, 
brake linings and clutch facings in automobiles and various kinds of industrial machinery. 

5 

Prior Art 

[0002] A variety of inorganic fibers are used in automotive friction materials, and especially disk pads, to provide 
outstanding friction performance and noise characteristics. In particular, common use has been made of various types 

10 of whiskers, which are hard fibers that are effective for braking, and rock wool, which provides good strength. However, 
because inorganic fibers of this type which have a length of at least 5 urn, a diameter of up to 3 urn and an aspect ratio 
greater than 3 are known to be inhalable and potentially carcinogenic, efforts are being made to avoid their use. That 
is, the artificial inorganic fibers that have been used up until now are similar in shape to asbestos and are thought to 
be capable of triggering cancer in the same way as asbestos. Hence the interest in minimizing their use. Requirements 

15 for avoiding the use of similarly shaped fibers and materials which generate similarly shaped fibers as they break down 
are expected to become increasingly stringent. 

[0003] Yet, fibers of this type have a low bulk density, which enhances the porosity of the friction material and in turn 
contributes to better fade performance and more effective braking action at high speeds. Failure to use such fibers 
lowers the porosity of the friction material and detracts from its fade performance and its effectiveness in high-speed 
20 braking. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the invention to provide non-asbestos friction materials which are free of inorganic 
25 fibers having a length of at least 5um, a diameter of up to 3pm and an aspect ratio greater than 3 that are suspected 
of being carcinogenic. Preferred embodiments may still have an excellent friction performance, wear resistance and 
noise characteristics, a sufficient shear strength, are not readily subject to damage such as cracking at the sides of 
the friction material, and have an acceptable strength and appearance. 

[0005] We have discovered that, in a non-asbestos friction material in which the fibrous base contains no inorganic 
30 fibers having a length of at least 5 urn, a diameter of up to 3 um and an aspect ratio greater than 3 which are suspected 
of being carcinogenic, by using as the binder a resin having a flow of at most 27 mm at 125°C and by giving the friction 
material a porosity of 8 to 20%, the friction material can be satisfactory, preferably being endowed with a good, stable 
braking performance, good resistance to fade and wear, greater safety and hygiene during production, and minimal 
impact on the human body from dust released during use. 
35 [0006] Accordingly, the invention provides a non-asbestos friction material made by molding and curing a composition 
which includes a fibrous base other than asbestos : a binder and a filler, which friction material has a porosity of 8 to 
20%. The fibrous base is free of inorganic fibers having a length of at least 5 um, a diameter of up to 3 um and an 
aspect ratio greater than 3. The binder includes a resin having a flow of at most 27 mm at 125°C. 

40 DETAILED DESCRIPTION OF THE INVENTION 

[0007] As noted above, the non-asbestos friction material of the invention is made by molding and curing a compo- 
sition composed primarily of a fibrous base, a binder and a filler. 

[0008] The fibrous base may be any non-asbestos inorganic fiber or organic fiber ordinarily used in friction materials. 

45 illustrative examples of suitable fibrous bases include inorganic fibers such as metal fibers (e.g., iron, copper, brass, 
bronze and aluminum), ceramic fibers, potassium titanate fibers, glass fibers, rock wool, wollastonite, sepiolite, atta- 
pulgite and synthetic mineral fibers; and organic fibers such as carbon fibers, aramid fibers, aramid pulp, polyimide 
fibers, polyamide fibers, phenolic fibers, cellulose and acrylic fibers. These fibrous bases may be used alone or as 
combinations of two or more thereof, so long as they do not contain inorganic fibers having a length of at least 5 um, 

so a diameter of up to 3 um, and an aspect ratio greater than 3. 

[0009] The fibrous base may be used in the f orm of short fibers or a powder, and is included in an amount of preferably 
10 to 50 vol%, and most preferably 1 5 to 40 vol%, based on the overall friction material composition. 
[0010] The binder may be any known binder commonly used in friction materials. Illustrative examples include phe- 
nolic resins, various rubber-modified phenolic resins such as high-ortho phenolic resins modified with acrylonitrile- 

55 butadiene rubber (NBR), NBR-modified phenolic resins and acrylic rubber-modified phenolic resins, and also melamine 
resins, epoxy resins, NBR, nitrile rubber and acrylic rubber. Any one or combinations of two or more of these may be 
used. 

[001 1 ] In the invention, the binder includes a resin having a flow at 1 25°C of at most 27 mm, preferably from 2 to 27 
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mm, and most preferably from 2 to 25 mm. The resin is included in an amount of preferably at least 15 vol%, more 
preferably 15 to 30 vol%, and most preferably 15 to 25 vol%, based on the overall friction material composition. A 
binder other than the above resin may also be included in the composition, although the overall amount of binder should 
be set at not more than 30 vol%. 

[0012] The flow mentioned above is the value measured in accordance with JIS K6910-95. 
[001 3] The filler used in the friction material of the invention may be composed of organic fillers and inorganic fillers. 
Illustrative examples of suitable organic fillers include cashew dust, ground tire rubber, rubber dust (rubber powder 
and granules), nitrile rubber dust (vulcanized product) and acrylic rubber dust (vulcanized product). These may be 
used alone or as combinations of two or more thereof. The amount of such organic fillers is preferably 5 to 30 vol%, 
and most preferably 1 0 to 25 vol%, based on the overall friction material composition. 

[001 4] Suitable inorganic fillers include barium sulfate, calcium carbonate, mica, coke and graphite, as well as metal 
powders such as iron, copper and aluminum. Such inorganic fillers can generally be included in an amount of 30 to 75 
vol%, and preferably 30 to 65 vol%, based on the overall friction material composition. In the present invention, the 
filler includes preferably 1 to 50 vol%, more preferably 5 to 50 vol%, and most preferably 1 0 to 30 vol%, based on the 
overall friction material composition, of inorganic particles having a Mohs hardness of 4 to 5 and a particle size of 1 to 
500 um, preferably 10 to 500 urn, and most preferably 30 to 1 00 ujti. 

[0015] Examples of suitable inorganic particles include flake (or scaly) and tabular titanates, such as tabular potas- 
sium hexatrtanate, flake potassium octatitanate and flake magnesium potassium octatitanate. These titanates have an 
average particle size of preferably 1 to 30 pm when flake, and preferably 1 0 to 500 ujti when tabular. 
[001 6] To enhance the strength of the friction material, it is advantageous for the flake or tabular titanate to be surface- 
treated with a coupling agent, and especially an aminosilane coupling agent. Surface treatment may be carried out by 
a suitable known method, although it is preferable to use the coupling agent in an amount of 0.1 to 1 wt%,and especially 
0.3 to 0.7 wt%, based on the titanate. 

[0017] The friction material of the invention is generally produced by uniformly blending the above-described com- 
ponents in a suitable mixer such as a Henschel mixer, Loedige mixer or Eirich mixer, and preforming the blend in a 
mold. The preform is then molded at a temperature of 130 to 200° C and a pressure of 1 00 to 1 ,000 kg/cm 2 for a period 
of 2 to 15 minutes. 

[0018] The resulting molded article is typically postcured by heat treatment at 140 to 250°C for 2 to 48 hours, then 
spray-painted, baked and surface-ground as needed to give the finished article. 

[0019] In the case of automotive disk pads, production may be carried out by placing the preform on an iron or 
aluminum plate that has been pre-washed, surface-treated and coated with an adhesive, molding the preform in this 
state within a mold, and subsequently heat-treating, spray-painting, baking and surface-grinding. 
[0020] It is critical for the friction material to have a porosity of 8 to 20%, preferably 1 0 to 20%, and most preferably 
1 3 to 20%. At less than 8%, the friction coefficient decreases and fade resistance worsens, whereas at more than 20%, 
the wear resistance and strength decline. The porosity is the value measured in accordance with JIS D4418. 
[0021] It is desirable for the friction material of the invention to have a shear strength of at least 3.5 KN, preferably 
3.8 to 6.0 KN, and most preferably 4.0 to 5.5 KN. The shear strength is the value measured by the shear test method 
described in JIS D4415 using a test piece having a size of 10 x 30 x 5 mm. 

[0022] The non-asbestos friction material of the invention can be used in a broad range of applications, including 
brake linings, clutch facings, disk pads, paper clutch facings and brake shoes in automobiles, large trucks, railroad 
cars and various types of industrial machinery. 

EXAMPLES 

[0023] Examples and comparative examples are given below by way of illustration, and are not intended to limit the 
invention. 

Examples 1 to 5, Comparative Examples 1 to 4 

[0024] Friction material compositions formulated as shown in Table 1 were uniformly blended in a Loedige mixer and 
preformed in a pressure mold under a pressure of 1 00 kg/cm 2 for a period of 1 to 3 minutes. The preforms were molded 
for 2 to 1 0 minutes at a temperature and pressure of 1 60°C and 250 kg/cm 2 , then postcured by 5 hours of heat treatment 
at 200°C, yielding automotive brake pads in the respective examples. 

[0025] The brake pads obtained in Examples 1 to 5 and in Comparative Examples 1 to 4 were tested or evaluated 
for porosity, fade, effectiveness, wear and environmental impact tests, and were assigned an overall rating under the 
following criteria. 
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(1) Porosity 

[0026] Measured according to JIS D441 8. 

5 Good: 13 to 20% 

Fair: 8 to 12% 

(2) Fade 

10 [0027] A performance test was carried out on a brake dynamometer in accordance with JASO C 406-87. 
Good: Minimum friction coefficient (jx) > 0.30 
Fair: Minimum friction coefficient (u.) > 0.20 

15 

(3) Effectiveness 

[0028] A performance test was carried out on a brake dynamometer in accordance with JASO C 406-87. The result 
obtained in the third braking cycle was used to rate effectiveness. Percentages below are based on a value of 100% 
20 for the braking effectiveness in Comparative Example 1 . 

Good: >95% 
Fair: >85% 

25 (4) Wear 

[0029] A performance test was carried out on a brake dynamometer in accordance with JASO C 406-87. Percentages 
below are based on a value of 1 00% for the amount of wear in Comparative Example 1 . 

30 Good: <1 05% 

Fair: <110% 

(5) Environmental Impact 

35 [0030] This was evaluated based on the particle size specifications for the respective starting materials. 

Good: Contains no inorganic fibers with a length of at least 5 ujti, a diameter of up to 3 um and an aspect ratio 
greater than 3 (which are inhalable and thus potentially carcinogenic) 
Poor: Contains such inorganic fibers 

40 

(6) Overall Rating 
[0031] 

45 Good: None of the ratings obtained in tests (1 ) to (5) above were "Poor." 

Poor: At least one of the ratings obtained in tests (1 ) to (5) was "Poor." 
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Table 1 
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Properties 


Porosity (%) 
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Fade 


fair 


good 
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good 


good 
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Effectiveness 
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good 


fair 


good 


good 


good 


poor 


poor 
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Test 
results 


Wear 


good 


good 


good 


good 


good 


good 
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Environmental impact 


good 


good 


good 


good 


good 


poor 


good 


good 
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Overall rating 
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Examples 6 to 13, Comparative Examples 5 to 7 

[0032] Automotive brake pads were produced in the same way as in the above examples, but using friction material 
compositions formulated as shown in Table 2. The brake pads thus obtained were subjected to the same tests as 
above. The results are shown in Table 2. 
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Table 2 
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Fade 


fair 
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Effectiveness 
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40 

(1) Organic dust: cashew dust 

(2) Aramid fibers: length, 1 to 3 nun; diameter, 12 to 15 \un 

45 

(3) Copper fibers: length, 3 nun; diameter, 60 \m 

(4) Graphite: average particle size, 300 \xm 

so (5) Inorganic filler: barium sulfate having an average 

particle size of 5 |jim 

(6) Potassium octatitanate whiskers: length, 1 to 3 |jm; 

diameter. 0.3 to 0.6 pm 



6 



EP 1 273 819 A2 



(7) Flake potassium octatitanate: average particle size, 3 

5 

(8) Tabular potassium hexatitanate: size, 50 to 70 |om 

(9) Flake magnesium potassium octatitanate: average 
w particle size, 1 to 10 [xm 

(10) The surface-treated product was flake magnesium 
potassium octatitanate that had been surf ace- treated with 

15 aminopropyltriethoxysilane (silane content based on flake 

octatitanate, 0.5 wt%) 

[0033] As has been discussed above and is apparent from the foregoing results, the friction materials of the invention 
20 have a good braking performance and stability, are endowed with good resistance to fade and wear, provide improved 

safety and hygiene during production, and minimize the impact on the human body by dust released during use. 

[0034] Japanese Patent Application Nos. 2001 -200737 and 2001-282928 are incorporated herein by reference. 

[0035] Although some preferred embodiments have been described, many modifications and variations may be made 

thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
25 than as specifically described without departing from the scope of the appended claims. 



Claims 

30 1. A non-asbestos friction material made by molding and curing a composition comprising a fibrous base other than 
asbestos, a binder and a filler; wherein the fibrous base is free of inorganic fibers having a length of at least 5 um, 
a diameter of up to 3 u.m and an aspect ratio greater than 3, the binder includes a resin having a flow of at most 
27 mm at 125°C, and the friction material has a porosity of 8 to 20%. 



35 2. The non-asbestos friction material of claim 1 which contains as the filler 1 to 50 vol% of inorganic particles having 
a Mohs hardness of 4 to 5 and a particle size of 1 to 500 ujti, based on the overall composition. 

3. The non-asbestos friction material of claim 2, wherein the inorganic particles are a flake or tabular titanate. 

40 4. The non-asbestos friction material of claim 3, wherein the titanate is flake magnesium potassium titanate. 

5. The non-asbestos friction material of claim 3 or 4 wherein the titanate has been surface-treated with a silane 
coupling agent. 
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